A spatial-mode multiplexer/demultiplexer using a Bragg reflector tapered hollow waveguide is proposed. Depending on each spatial mode, vertical radiation takes place at a cut-off condition, which shows low wavelength-dependence and polarization-independence.
Introduction
High speed data links and optical interconnects are attracting much interest for use in super-computers and data centers. The linl( capacity of single channel has already reached to lOGbps or higher, thus multiplexing either in wavelength division (WDM) or in space division will be needed for further increase of link capacities. It is noted that a multi-mode waveguide potentially exhibits larger transmission capacity than single-mode waveguides [1] . An interesting approach is to multiplex spatial modes in a multi-mode waveguide, carrying multi-channel signals. To this end, a key issue is to realize spatial mode multiplexing/demultiplexing.
There have been several studies on spatial mode multiplexing/demultiplexing [2] [3] [4] [5] . Previously our group reported both modeling and experiment of tapered hollow waveguide functioning as wavelength division multiplexer/demultiplexer [6] [7] . In this paper a tapered hollow waveguide with Bragg reflectors functioning as spatial mode multiplexer/demultiplexer is proposed. The modeling and experimental results are presented. Modeling of our structure is carried out by using a mode-matching method (FIMMW AYE, Photon Design).
The calculated intensity distribution for a fundamental mode is shown in Figure 2 for a hollow waveguide with tapering a core thickness from 6 to OA/lm while the length of the device is Imm. Different spatial modes are excited from an air core of 6 /lm. 
Conclusions
A novel spatial-mode multiplexer/demultiplexer based on a tapered hollow waveguide with Bragg reflectors was proposed. Clear demultiplexing for different spatial modes was presented. In addition, low wavelength sensitivity and polarization independence were predicted.
Also, high efficiency of vertical radiation could be expected from 70% for higher order modes to 96% for the fundamental mode. Spatial-mode multiplexing with vertical radiation was experimentally demonstrated. This device concept would be useful for spatial-mode multiplexing interconnects and integration with surface-normal optical devices.
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